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I . INTRODUCTION
Neutron scattering is considered the most direct tool to obt.ain microscopic information about the impurity magnetic state in alloys.l-7
However, it may not yield observable results in cases of very dilute alloys and one ha.s to get more indi;rect data from other methods, e .• g., the measurement. of the hyperfine field at both the impurity and host . 8 nuclei (by NMR, Mossbauer effect, nuclear specific heat, etc).
However, the interpretation of the results is usually difficult and somewhat ambiguous due to the presence of several contributions to the hyperfine field with opposite signs, that almost cancel. Measurement of the n~clear spin..;.lattice relaxation time is free from this disadvantage.
In fact, the relaxation interactions are basically the same that produce a Th 1 ·t a· 1 1 e sp1n-ec o ec n1que was emp aye . e ong1 u 1na . nuc ear magnetization is proportional to the signal that appears at a time t after two rf pulses separated by a fixed time t. An external magnetic field of 6 kG was applied to eliminate the domain walls in the sample. This is the best way to avoid relaxation through domain wall motion, 15
which would mask the intrinsic simple mechanisms of relaxation mentioned earlier.
An accou.i:J.t of the experiment and results is given in Part II.
The interpretation is developed in Part III, where it is found tha~ the agreement between the experimental and theoretical relaxation 
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Both results give microscopic 'information on the magnetic distribution.
Then it is straightforward to couple these results with the macroscopic i t .
· 1 a· b t t' t' t· t l7,lB · nforma 10n provl.C e y sa ura 10n magne 1za 1on measuremen s 1n
order to get an overall picture of the alloy magnetic properties.
II • EXPERIMENT
A. Apparatu's · A block diagram of the apparatus is shown in Fig, 1 The transmitter in Fig. 1 provided the necessary rf pulses for saturating the nuclear Zeeman levels and for monitoring the recovery to the eq_uilibrium nuclear magnetization. It wa.s a. pulsed oscillator, Arenberg type PG-650.
The receiver consisted of a. wide-band amplifier followed by a diode detector. The amplifier provided several volts of rf output in · order to avoid the non-linearity of simple diode detector circuits for signals of about 0.5 V or less. A small non-linearity remained, however. We corrected it during the final stage of data processing, with a.n additional subroutine in the computer program. Our design is not very common. · However, we found it was easier to implement than the usual phase detector (which is iinear). In a phase-coherent system, the transmitter must be a gated amplifier driven by a cw oscillator.
The necessary changes in our transmitter would not have been straightforward.
B. Sample Preparation
Samples of non-annealed nickel were simply obtained from Ni sponge of 99.999% purity, supplied by Johnson-Mat they.. The metal powder was mixed with N-grease for electrical insulation,. thus avoiding the effect of skin depth. The N-grease also improved the thermal contact between the metal particles a.nd the helium bath. The alloy was kept at 20°C below the meltimg point for 24 hours in order to homogenize it. Later, the degree of homogeneity was tested with a.n electron beam microprobe. The electron beam diB.!Ileter was about 1 ~. The instrument could detect variations of composition of the order of l% or larger. It was found in our sarnple that the local fluctuations of composition were below the limit of sensitivity of the instrument.
The alloy was ground against a rotating disc covered with abrasive alumina paper #120. Later, the alloy particles were easily separated from the alumina particles with the help of a magnet • . The -last step was annealing for two hours at 600°C in a high · vacuum to eliminate the strains produced by the cold work. 1 .
C. Experimental Results
Observation of NMR in Ni 61 and Pdl05
The spin echo technique was used. The argument is reinforced by the fact that the intensity of.the echo went down as the magnetic field was increased. This shows that 22 the domain walls disappeared, because the enhancement factor was much bigger in the walls than in the bulk domain.
We o"btained additional evidence of the change of enhancement factors when going from the zero external field situation to that with an external applied field. We observed the shape of the echo as a function of the a."!lplitude and width of the rf pulses. If the turning angles were very high (much bigger than TT/2), the signal appeared as described by Mims. 23 For instance, if the two rf pulses had the same width, the echo was symmetrical, with a dip in the center. If the rf amplitude was reduced, so that the turning angle bec·ame of the order of TT/2, the echo would have a maximum in the center (as commonly happens).
This center was displaced with respect to the previous case: 'it occurred at a time t_ /2 later, where t was the rf pulse width. · These changes w w were not seen when an external magnetic field was applied. We observed only the last case (even with the high~st possible rf field), showing that the turning angle was of the order of TT/2 and that the enhancement factor was small. The same effect in our N-grease might well be part of the cause of the deterioration of the signal.
Measurement of Relaxation Times
The recovery of the magnetization, as measured by the spin echo signal, was exponential after some time had passed. At the beginning, the relaxation was faster. This is explained in terms of diffusion of the nuclear excitation from nuclei in the center of the NMR line to nuclei at the sides, when the latter were not excited by the rf comb . 15 There are also nuclei at the center of the Nl\ffi line that are not excited. However, i t is sti11 muqh smaller than T 2 , so that the echo is not reduced. A typical relaxation curve can be seen in Fig. 2 . The experiment was run under the above conditions. In Fig. 2 ,
is plotted as a function of' time in a semi-logarithmic graph. The sample was pure Ni, annealed.
We expected to get a better saturation by increasing the ·comb length. However~ we found_much larger relaxation times and a nonexponential relaxation (Fig. 3, curve a) ). The relaxation time increased with the length of the comb. We got relaxation times more than 10. times bigger than those obtained with short coi)lbs (of about 10 to 20 pulses). In Fig. 3 , curve a), the comb had BOO pulses, separated ~ msec.
For comparison, curve c) is a repetition of Fig. 2 but at the same time scale of curve a). The explanation of this strange effect is simple: with long combs, the temperature of the whole sample increased, by eddy~currents and magnetic losses. We noted also that the liquid helium bath boiled at a much higher rate. For an addit~onal proof, we made the following experiment: the transmitter frequency was shifted by 4 MHz (more than the linewidth), and a long comb at the new frequency was applied. The z-nuclear magnetization was monitored with another transmitter, in the usual way (two pulse echo), working at the This showed that the whole sample heated up and that we were monitoring the sample-bath thermal relaxation! We were able to get even longer relaxation times by increasing more the length of. the rf comb.
Actually case a) of Fig. 3 with T 1 = 401 msec is an average situation.
In another eXperiment, an rf comb of 1600 pulses, separated 1 msec gave
We observed also a non-exponential relaxation curve in non-annealed ·pure Ni samples ( After annealing the Ni sample, we obtained a purely exponential curve like c). It is not obvious why curve c) has a faster relaxation time than curve b) ; we bel:i,.eve that in the latter there was an additional effect, probably surface oxidation, closely connected with the deterioration of the signal which was explaine~ before~ Besides, it was found that after repeating the experiment with the alloys, the relaxation times tended to increase. However, the pure Ni·samples were much more stable. Note that in the latter the particles had a roughly spherical shape, while in the alloys the particles were rod-like (with a bigger
.. 
·III. INTERPRETATION OF RESULTS

A. Theory of Spin-Lattice Relaxation
We define a normalized relaxation rateR as:
...
R = {y 2 T T)-~
. We adopted this method of calculating ( r -3 ) for considering. it more direct and reliable than deriving it from hyperfine data. We assumed also that the average at the Fermi surface is the same as in the free atom, because of the localized character of the wavefunctions near the top of the d-b and (where_ .the Fermi energy lies) . in the shape of the Pd levels and their position with respect to the Fermi energy. the curve with the E axis, so that N(O) = 0. In this approximation, the number of holes nh is given by:
We obtain a rough estimate of nh for the Pd impurity by assuming that the Ni 3d band has the same shape and using the known values of N(EF) and nh for Ni. The latter comes from measurements of the g-factor18 equal to 2.18 and the saturation magnetization, 39 which give (~ )Pd = 0.11 holes/atom •.
In order to examine the possibility of case e, let us estimate the splitting of the 4d sub-bands of the impurity. We may assume in a 
